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Introduction 

Stem  rust  (Puccini a  gi  jiini    trit ici  Eriks.  and  Henn.  )  is  one  of  the 
most  destructive  and  widespread  diseases  attacking  the  wheat  plant.  Official 
estimates  of  losses  from  stem  rust  in  the  United  States  may  be  obtained 
from  various  sources  and  will  not  be  given  here.    The  1935  epidemic  was 
one  of  the  most  destructive  in  history  and  extended  over  most  of  the  wheat" 
growing  areas  of  the  United  States. 

The  two  wheat' rusts,  stem  rust  (Puccini    gr amir. is  tritici)  and  leaf 
rust   (Puccinia  triti c ina )  are  of  major  economic  importance  in  Texas. 
These  diseases  limit  the  production  of  wheat  in  Texas  to  the  more  north- 
central  parts  of  the  State  and  to  regions  of  lover  rainfall  in  the  western 
part,  where  rust  usually  is  not  a  factor.     The  estimated  annual  loss  from 
stem  rust  in  Texas  from  1925  to  1934  w^s  359 >000  bushels,  while  that  caused 
by  leaf  rust  was  3^3,200  bushels  2/ .     Stem  rust  is  every  year  a  limiting 
factor  in  wheat  production    from  central  Texas  southward.     In  north-central 
Texas  the  disease  is  present  nearly  every  yeer ,  but  often  is  not  a  major 
factor  in  yield  because  of  the  early  maturity,  of  the  crop.     Because  of  the 
extensive  wheat  acreage,  however,  this  area  serves  as  a  breeding  ground 
for  stem  rust  and  increases  the  inoculum  to  be  carried  northward  as  the 
season  progresses.    During  mild  winters  stem  rust  may  actually  overwinter 
in  this  area. 


1/    A  report  of  cooperative  investigations  between  the  Division  of 
Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry,  United  States  Depart- 
ment of  Agriculture,  and  the  Texas  Agricultural  Experiment  Station  at 
Texas  Substation  No.  6,  Denton,  Texas. 

2/    Thanks  are  due  Mr.  P.  B.  Dunkle,  Superintendent  of  Substation 
No.  6,  Denton,  Texas,  and  the  Texas  Agricultural  Experiment  Station  for 
permission  to  use  unpublished  meteorological  data  as  given  in  this  report. 

3/    United  States  Department  of  Agriculture,  Bureau  of  Plant  In- 
dustry, Division  of  Mycology  and  Disease  Survey,  Plant  Disease  Reporter 
Supplements  49,  56,  64,  83,  87,  and  89.    Reports  of  losses  from  diseases 
in  the  United  States  for  the  years  1925  to  1934  inclusive. 
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Since  the  north . Texas  ..area  is..so  important  from  a  national  stand- 
point in  the  early  season  development  of  an  epidemic,  any  information 
relative  to  ecological  factors  previous  and  co-incident  to  the  develop- 
ment of  the  1935  stem  rust  epidemic  in  Texas  is  in  turn  related  to  the 
spread  of  the  disease  throughout  much  of  the  United  States.    Data  on 
meteorological  and  ecological  conditions  in  Texas  as  related  to  the  1935 
stem  rust  epidemic  are  therefore  presented. 

Epidemiology  Of  Stem  Rust  At  Denton,  Texas,  In  193*3 

Stem  rust  was  first  observed  at -Texas  Substation  No.  6,  Denton, 
Texas,  on  May  7*     It  is  possible  that  there  may  have  been  some  points  of 
infection  in  North  Texas  prior  to  this  time  and  perhaps  even  some  over- 
wintering in  the  area.     General  infection  did  not  start  until  about  this 
date.    Previous  to  this  time,  as  vail  be  pointed  out  later,  weather  con- 
ditions were  not  favorable  for  the  development  and  spread  of  the  disease. 

Meteorological  Factors  Affecting  The  Stem  Rust  Epidemic 

General  Y.eather  Conditions:     All  cl imatological  data  that  might 
influence  stem-rust  infection  and  spread  have  been  tabulated  in  Table  1. 
Data  are  given  for  the  months  of  April,  May,  and  June  for  the  years  1931 
to  1935  s^d-  averages  for  a  21-year  period.    Daily  temperature  and  humidity 
for  1935  are  presented  in  later  tables  and  graphs.     The  rust  data  here 
presented  are  taken  from  the  field-plat  variety  test  of  l8  varieties 
grown  during  the  5-year  (1931-35)  period. 

Temperature :    Numerous  investigations  have  shown  that  temperature 
is  one  of  the  most  important  factors  in  the  development  and  spread  of  a 
stem- rust  epidemic.     In  the  present  study  the  mean  daily  temperature,  as 
well  as  the  morning  temperature,  has  been  considered.     Data  are  presented 
in  Figure  1  showing  the  daily  mean  temperature  for  the  months  of  April, 
May,  and  June.     This  period  includes  the  period  from  the  booting  stage  of 
the  grain  until  it  is  fully  matured.     Monthly  mean  temperatures  for  1935 
and  for  a  21-year  period  are  shown  for  comparison. 

The  first  stem  rust  was  observed  at  Denton,  Texas,  on  May  7 >  ^935* 
As  the  incubation  period  for  stem  rust  varies  from  one  to  two  weeks,  it 
would  have  been  necessary  for  the  "general  infection  to  have  taken  place 
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during  the  last  week  of  April.    Peltier  4/ »  V'  5>/ »  Z/  and  Stakman  .and 
Lanbert  2/  have  shown  that  the  optimum  temperature  for  rust  infection  is 
about  68°  F. ,  although  if  there  is  free  moisture  and  the  humidity  of  the 
air  is  high,  infection  may  take  place  at  temperatures  of  50°  to  75°  F« 
A  study  of  Fig-are  1  shows  that  the  mean  daily  temperature  during  the 
last  week  of  April  was  favorable  for  rust  infection.    During  the  first 
week  of  May,  temperatur es  were  below  normal  and  not  so  favorable  for 
rust  infection.     Following  this  period,  temperatures  v/ere  favorable  for 
rust  infection  and  development  throughout  the  remainder  of  the  growing 
season.    Detailed  meteroiogi  cal  data,  including  temperature,  taken  at 
the  morning  reading,  are  presented  under  a  separate  heading  because  of 
the  importance  of  this  period  of  the  day  in  rust  infection. 

Humidity  and  Precipitation:     Humidity  is  no  doubt  second  only  to 
temperature  as  a  factor  controlling  the  gemination  of  rust  spores  and 
subsequent  infection  of  the  wheat  plant.     Since  humidity  and  precipita- 
tion are  often  closely  allied  they  v.iil  be  considered  together. 

In  Figare  2  the  mean  daily  relative  humidity  for  each  day  of  the 
three-month  period,  April  1  to  June  30,  is  shown.    Precipitation  during 
the  period  also  is  shown.     Monthly  precipitation  compared  with  the  normal 
was  given  in  Table  1. 


4/    Peltier,  George  L.     A  study  of  the  environmental  conditions  in- 
fluencing the  development  of  stem  rust  in  the  absence  of  an    alternate  host 
I-  Nebr.  Exp.  Sta.  Res.  Bui.  22.  1^22. 

^/  Peltier,  George  L.  A  study  of  the  environmental  conditions  in- 
fluencing the  development  of  .tern  rust  in  the  absence  of  an  alternate  host 
II<        Nebr.  Exp.  Sta.  Res.  Bui.  25.  1923. 

6/    Peltier,  George  1.     Relation  of  weathtr  tc  the  prevalence  of 
wheat  stem  rust  in  Nebraska.     Jour.  Agr.  Res.  46:55-73.  1923. 

2/    Peltier,  George  L.     Some  asnects  of  the  spread  of  stem  rust. 
Zentralbl.  3akt.  II  Abt.,  78:525-535.  '1929. 

8/  ■  Stakman,  E.  C.  ,  and  E«  3.  Lambert.     The  relation  of  tempera- 
ture during  the  growing  season  in  the  spring  vheat  area  of  the  United 
States  to  the  occurrence  of  stem  rust  epidemics,  phytopathology 
14:94-100.  1924. 
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Rainfall  for  the  month  of  April  was  about  normal  in  total  amount 
but  it  all  occurred  after  April  l8.    Previous  to  this  there  was  a  time 
interval  in  March  and  April  when  there  was  insufficient  moisture  for 
the  crop.     During  that  period  conditions  were  not  favorable  for  rust  in- 
fection.    After  'rains  started  in  April,  both  humidity  and  temperature 
were  favorable  for  rust  infection  and  spread. 

A  total  of  11.^2  inches  of  precipitation  was  recorded  during  May, 
a  record  amount  for  that  month.     A  measurable  amount  of  precipitation 
occurred  on  13  days  of  the  month.     This  unusual  amount  of  moisture  pro- 
moted continued  growth  of  the  wheat  crop  for  a  longer  than  normal  period, 
and  thus  delayed  heading  and  maturity.     Associated  with  the  large  amount 
of  precipitation  of  May  were  extremely  high,  relative  humidity  and  sub- 
normal temperatures.     The  mean  daily  humidity  did  not  fall  below  66  per- 
cent at  any  time  during  the  month.     The  mean,  83.2  percent,  for  the  month 
is  13*5  percent  above  normal.     The  conditions,  therefore,  were  favorable 
for  rust  infection  throughout  the  month. 

Because  of  extremely  late  maturity  of  the  crop,  June  weather  was 
a  factor  in  rust  development  this  season,  whereas,  normally,  it  would  not 
be.    Precipitation  in  June  was  5*27  inches  compared  with  the  normal  of 
2.85  inches.     The  relative  huldity  was  never  below  64  percent  and  the 
mean  relative  humidity  of  77*.  percent  was  13»4  percent  above  normal. 

From  the  above  study  of  humidity  and  precipitp tion  during  the 
period  when  the  wheat  plants  were  susceptible  to  rust,  it  is  evident 
that  conditions  were  extremely  favorable  in  1935  ?0T  tn-e  development 
of  a  ruvst  epidemic.  The  excessive  precipitation  and  high  humidity  con- 
tributed much  to  the  delay  in  ripening  of  the  grain  and  thus  furnished 
ample  time  for  the  epidemic  to  develop  in  northern  Texas  and  provide 
inoculum  for  the  continued  spread  of  the  disease  in  other  states. 

Temperature  and  Humidity  at  Time  of  the  Morning  Reading:  Environ- 
mental factors  are  usually  most  favorable  for  rust  infection  early  in  the 
morning.    Because  of  this  it  was  considered  desirable  to  study,  in  addi- 
tion to  mean  daily  temperatures  and  relative  humidity,  the  temperature 
and  humidity  at  the  morning  reading.     This  reading  is  taken  at  7  o'clock. 
In  Figure  3  the  relative  humidity  and  temperature  at  the  morning  reading 
for  the  period  April  1  to  June  30  are  shown.    Days  on  which  dew  occurred 
are  shown  also. 

Previous  to  April  18  conditions  were  not  very  favorable  for  germi- 
nation of  rust  spores.     Temperatures  were  favorable  on  certain  days,  but 
often  when  the  temperature  was  favorable,  the  humidity  was  fairly  low. 
De?>rs  also  were  less  frequent  than  later  in  the  season. 


35 


P  <l 

P  CD 


4  CD 


.  4 
CD  P  CD 
(W  CQ 
CP 

I  I 


4 

CO    O  CO 
c+  CD 
P 

H-  e+ 
£  P 


C+  I — '4 


3  CD 


OO 

CD 
CD 


CD 

CD  4 

o 

o  cr 


hi  CD 

03 

c+  O  CD 
13 

CO 

c+  g 
CD  & 
B  •-* 

o  p 
4  p-  pl 

Co  CO  P 
c+      S3  I 


P  o 
P  3 


CO 

CD 


CD  Cb 
4 

g 

a>  c 


P  o 

§.  M 

c  o 

CD  P 


«5 


< 

CD 

3 
CD 
P 

c+  CD 
H 


1 

CO 

P 

CD 

4 


2  2 


4  O 

cr<<  cr  cd  i-1 

ft  01  (D  O 
4         4   H-  H- 

"O  P 
G  H-  O 
4)  <rr  P1 
(B 

O  c+  O 


O 

P 

o 


CD  O 
Q  d 


g!  >-3 

P  c+  o  c+  o  p* 

3  H-  e+  H-  c+  C 

cro  cd  o  en  3 

(D3  H"3  H^- 

4  1  I 
H-'d  H"  CD 

&P  4  P  <}  c+ 
P  O  (I!  O  0)  S 

><;  en  P^ 

CO  CD  H-  CD  O 
CO  '  d  CO  4 
g       H-  CD 

c+  P 
P-  I 


CD  c+  CD  c+  CD  c+  CD 

CD  CD  £D  CD  CD   CD  CD 

P  3  P  3   P  3  P 

y  w  y 

4  cd  3  cd  3  cd  3 

CD  4  O  4  M-  4  pO 

MP  P  p  P  P  X 

P  c+  c+  c+  H'  c+  H* 

<j  cd  cd  3  cd  3 

CD 


o  -o 


ro 


V_KJ 


Osi     cro      cd   ro  oo 

CO 


ro  f— 1         i—1  ( — '  i — *  i-j 

o        Lni        ui     cr.o  ^  oo 

CT 


H 

ro 
i — 1 


-r-  -o 
o 

ro  -o 


m  N 

•       •  t 

-o    -F^  <o 


Ol  -o 
cr 


cr 
cr 


o 

on 


CD 


co  ro 


ro 
o 


o  Osj      ro  o 


O 


cr 


oo 


cr  vx> 

CO  Osl 


oo    ro    cr  -o 


*d 


o  ro 


O) 


o> 


ro  h-1 

ro     ocxd     ui    cr>    cr^  ^x> 

-O  CT 


cr 

cr  . 

cr-  m 


cr 
Oi 

4> 


O 

ro 


CD 


I— ' 


Os)  vX>  CT  vX)  CT  —0 
OO 


VJ1 


o 

CD 


Oi 


-<1 
CO 


I— '  h-1        h-1  M  H 

-O  0>      CCkJi        M     -fa*  V.O 


■fa* 

CO 

ro 


cr-  —a 

CO  CO 


-<1 


r  ^  O 


OO    <D  CD 


4 


ro 


H 
C 
d 
CD 


ro 

o  CO 


I—1  I — '  I — '  M 

-o     o  ro      ro  oi 


ro 


oi  cr* 
•  o 

CO  • 


-fa> 


o 
o 


-<3 


vX)  Oi 


h-1  i— 1  t— '      ro  i— 1 

-o         ~<]  ooco-<io^cd 


Ol 


ro 
ro 


oi  -o 

•  V_Kl 

h-1  -f^ 


4^ 


CO 


(— 1  o 


cr 


H     h  ro  • 

ro  crro  o  cd  m  o 
M  oi 


oo  oi 
cr 


CO 

o 


cr  o) 
cr  Oxi 

ro 


•d 
4 


CD 


O  H 

cr- 
oi 


oo 


ro 

CD 


cr    <x>  o 


oo  ro 


oo 


4>> 


•  ro 
cr  • 

oo  ro 


cr 

oi 

cr 


o 


-<3 

cr- 


oc 


ro 

CO 


ro  ro 
cr-^      cr    m  cr 


-R- 

ro 


cr  cr 

•  cr 

ro  • 

M  f— 1 


ro 


cr  oo 
o  4^ 


o      o  o 


ro 


H1  O 

o  o 


GO 
4> 


o 


co 


vX 


OO  vD 


4 


CkJ 


ro 
o 


ro 

H 

ro 


o  -<j     o    v>j  o 


o 


-o  o 


cr 


o  -o 

H  O 

•  • 

cr 


4 


O  CD 

ro 

vO 


ro 
o 


ro 


H 

vx>  ro 
ro  ro<X) 


o 
ro 


cr 


CO 

oj 
ro 


cr 

CO 


Ol  -o 
OJ  -<i 


vX> 


ro  i— 1  h 

I— 1  OO      OO    -pi.  o 


Ol 


ro 


cr  -o 
ro 

V>J  \X) 


cr 


cr  co 
cr  ~J 


•  JO  -p> 


X) 
Oi 


CD 


ro        vx>      cr  v>j 

•  4^        I    •         •       •  • 

-v]        Usi         cr     co  ~n]  >x) 


o 


oo 
ro 


o 

OJ 


cr 

->3 


cr 


vX> 


Ol  -<1 

h  cr 


vX> 


CO 


vX> 


cr  -p»  oo 


cr     oo    a>  j> 


cr 


O  -<] 

ro 
cr  • 
o  o 


o 


co  o 

oo 


o 

OJ 


CD  vX> 


ro 


vX> 


ro   -g  cr 


i  •       •      •  • 

cr       oi     —-j    co  oi 


ro 

CD 

o 


-q  cr 

o  • 

h->  o 


CD 

o 


cr  vx> 

CD  M 

•  • 

CO  CD 


vX»  > 

.  1  <! 
-F^  CD 
I  4 
P 

X  OQ 
osJ  CD 
Ol 


2 
d 
CD 


36 


Table  2.     Total  daily  wind  run  at  Texas  Substation  No.  6, 
Denton,  Texas,  during  April,  May,' and  June,  1335 
with  compariso  s  with  normal. 


Date 


Apr  il 


Total 
wind 
run 


Direction 


May 


Total 
wi  nd 
run 


Direction 


June 


.Total 
wind 
run 


Direction 


1 
2 

3 
4 


9 

10 

n 

12 

13 
14 

i^ 

17 
10 

19 

20 
21 
22 

23 

24' 

26  . 

27  . 
28 
29 

.  '  30  • 
 2L. 

Total 
Mean 
21 -year. 

mean 


157 
213 
276 
lb7 
240 
H7 
405 

^ 
285 

257 
371 

82 
248 
32G 
107 
326 
l6l 
273 
192 
105 
log 
218 

313 
186 

10.6 

49. 
127 

27  b 
'  180' 

'b3b3~ 
212 

_22^ 


SE 

NW 

N 

SE 

SE 

NY/ 

NT/ 

SE 

SE 

NW 

NW 

NY/ 

SW 

SW 

NE 

SE 

SE. 

SE 

NW 

NW 

SE 

SE 

SE 

SE 

NE 

NE 

SE. 

SE 

NW 

SE" 


299 
192 

2a8 
367 
26a 

5« 

197 
227 

154 
lb  2 

205 
203 
230 
102 
200 
183 
191 

105; 
1A0 

J! 

87 
159 

179 
140 
208 

239' 

21b 
l6b  " 

163  ■ 

'5940 
1"92' 

184 


SE 
SW 
N 
NE 
NW 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
NE 
NE 
E 
SE 
SE 
NW 
NY/ 
NE 
NE 
NE 
SE 
SE 
•SW 
SE 
SE 
SE 
SE 


176 

213 
U2 
122 
96 
12 


14 
92 

117 
112 

^3 
99 
100 
136 
184 
294 

253 
121 

H 

251 
237 

12 
10 
206 


ib5 
•76 
101 
124 
165 

44bo 
149 

_1Z1 


SE 
SE 
NE 
NE 
SE 
SE 
NE 
NE 
SE 
SE 
N 

•  SE 
SE 
SE 
SE 
SE 
SW 
NW 
SE 
S 
E 
NE 
SE 
SE 
SW 
NW 
SE 
SE 
SE 
SE 
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As  previously  mentione  .,  it  appears  that  the  initial  general  in- 
fection must -have  taken  place  during  the  last  week  of  April.     As  shown 
in  Figure  3 >  "both' temperature-  and  humidity  were  favorable  during  this 
period,  and  dew  %  as  present  nearly  every  morning.    Following  this  initial 
infection,  the  temperat ures  were  not  so  favorable  during  the  first  week 
of  May.     On  May  7  the  first  rust  was  observed  and  from  that  time  supplied 
inoculum  for  spread  of  the  disease.    Following  this  initial  appearance  of 
the  disease,  environmental  conditions  were  exceptionally  favorable 
throughout  the  remainder  of  the  growing  season  for  development  and  spread 
of  rust. 

V.'ind  Movement :    Because  of  the  importance  of  wind  movement  and 
direction  in  the  spread  of  rust  to  other  wheat-growing  areas,  no  report 
of  meteorological  conditions  would  be  complete  without  reference  to  wind 
movement.     The  total  wind  movement  for  each  daily  24-hour  period  from 
April  1  to  June  30  is  given  in  Table  2. 

Wind  movement  during  April,' May,  and  June  was  nearly  normal;  there 
were  no  great  extremes,  although  there  were  several  days  vhen  it  was 
strong  enough  to  carry  rust  spores  long  distances. 

Previous  to  the  initial  general  infection  at  Benton,  Texas,  fairly 
strong  winds  from  the  south  occurred  on  April  5,  9,  13,  and  24.  Later 
in  the  season  there  were  a  number  of  days  when  the  wind  could  easily 
have  carried  spores  to  states  to  the  north  of  Texas  and  thus  contribute 
to  the  national  epidemic. 

:  Crop-Growth  Factors  Favoring  Stem  Rust  Infection 

The  late  maturity  of  ,ae  wheat  crop  in  north  Texas  was  one  of  the 
most  important  factors  in  the  severity  of  the  disease  in  the  State  and 
provided  inoculum  over  a  long  period  for  spread  to  states  to  the  north. 
In  Table  3  dates  of  heading,  date  of  ripening,  end  length  of  fruiting 
period  are  given  for  the  years  1933  to  1335 ,  inclusive,  for  the  varieties 
of  wheat  grown  in  the  field-plat  variety  tests  at  Denton. 

Lateness  of  Heading:    Date  of  first  heading  in  1935  was  from  2  to 
15  days  later  than  in  the  spring  of  1334,  a  fairly  normal  season.  This 
late  heading  in  1935  resulted  from  a  combination  of  several  factors. 
Stands  were  thin  as  a  result  of  winterkilling.     The  meteorological 
factors  previously  di  scussed ,  namely,  excessive  precipitation;  cool, 
cloudy  weather;  and  high  humidity,  combined  with  the  thin  stands,  caused 
continued  vegetative  growth.     The  retarding  effect  of  these  factors  was 
very  evident  in  the  manner  in  which  the  grain  headed.     Although  wheat 
varieties  normally  reach  full  head  in  3  to  5  days  after  first  heads 
appear,  in  1335  the  plants  were  not  fully  headed  until  8  to  13  days  after 


38 


SO  - 

d  -a 

•HOW 

p 


ft 


lo  co  -=h-  cm  cvj  *dri>-  "3- [>-  lo ^KD  -^j-  -^h^o  lo^-O  -vh  10 


LO 
(SO 

cr- 


>>  cd 

H  ft 

rH-  -H 
3  H 


rH  NNN^-^^t-^n  SCO  LO  «*■  LOvD  NlPiN' 

^HrlHHHHrlrlHrlrlH     rH    rH  ' — I  I — I    H  rH 

I    I    I    I    I    I    I    I    I    I    I    I    I    I    I    I    I    I  I 

^D^-OvX)vDvD^X)vO^Dv^£)^jDvDvX)viD  vD  >^       vO  vD 


CO       -H-vO  \~Q  rH        rH  ^f^CvJ    H   O  Cvl  W  OJ  n 

Cvj  |v^H  H  H  HCO  HCO  CT>r-l  H  rH  H  rH  r-H  rH  H  H 
I     I     I     I     I     !     I     I     I     I     I     I     I      I     I      I     I     I  I 

^J-lOlOlOLOlOLOLOlOlOLOlOlO  LO  lO  LO  LO  LO  LO 


w  - 

d  t3 

■H  O 


5* 

co 


ra 

>> 

m  cd 

CD 

ft 


OD  LO  O  CM         H  ■^hO 

r^v^n  ho     n~\  r 


^•H  H  ,— )    O  O  CVJ   O  O  CVJ 

,  on    ky     ho     ho  r^o 


>>  CD 
H  ft 
H  »M 

rH 


i — i  c\jvX)vD  r^o  cvj  cvj  ^r^^cocois-oovjD  in-vx> 
i    i    i    i    i    i    i    i    i    i    i    i    i    i    i    i    i    i  i 


-P  Tl 
cq  cd 

U  CD 
•H 
IX) 


i-co  co  o 

CVJlSLOHtMCVJCM^rHCOlT^L^CO  tN-v£>  C~ —  C" —  LO 
I     I     I     I      I     I     I     I     I     I     I     I      I      I      I      I      I      I  I 

^^iOlOLOlO^LO-^-lOlOlOLO  LOLOlOlOlOlO 


CO 


w  - 
Pi 

•HOW 
-P   -H  >, 
•H    fn  CO 
d  CD 
Fh  ft 
Fh 


r^-^drO-  o  cvj  o  cnn  cr>  o  coco  coco  o  co  co  co  o 
r^r^cvJK^r^r^cvir^cvjr^cvjcvj  cvj  cvj  r-o  cvj  cm  cvj 


>3  CD 
H  ft 
H  -H 
3  fn 
Fn 


0  o 

M~kD  COCO  CMS  ^KD  -sh^H  CMN  NIS  CS-VjD  CO  O- 

1  I     I     I     I     I     I     I     I     I     I     I     I      I     I     I     I     I  I 


+3  -Ci 

co  cd 
Fh  cd 


C —      CVJ  CVJ  CM         O  O 

CM  (so,  H  COCO  CO  **X>  LO  H  rH   CO  H  CC    COCO  H  CO 

I     I     I     I      I     I     I     I     I     I     I     I      I      I      I      I      I      I  I 

■^-lolololololololololololo  LO  LO  LOLOLO  LO 


COvD  LOvD  O-  lO  lOv_0 
LOCO  LOvD  CO  CO  CO  CVJ  CM 


OCVJ   HvDvD    HCO  0>  O 


LO  "=3"  LO  sj-n  INlTi  COCO 
COCO  OCM  O  LO  O  LO  lO  I   CM  -xh  CVJ   H  CO  -4-CO  H  H 


COCO  OCO  O  H  O  H  H 
i — I  H  i — I 


vjD  H  \X)   lOvO  vX>  CO  vO  CO 


CO  . 
•  £ 

&H  S3 


H  H  O  ho  -^hco 

CO       CM       CO    I   CVJ  CVJ  TO  ro.  CO  O  CVJ   fOoO  W  O  (S  1S 

KM^hOKS  I  iTi  I     I     I     I  N^r^  LN-vjD  O-CO  O  i"0  O- 

COCOCO  CVJ  LOO  rO.rO.rO  rOCO  CO  H  D —  LO  O  %J-CO  LO 

lOlOlOCOH  H  r^K^rril^  Lf~VO  O-  H  CVJ   O-  O  LO  CVJ 

HHH        O    I    CO  CO  CO  CO  H  H  HH         CVJ   H  H 
K^lOlOlOlOlO 
H 
O 

ro. 


>> 
-p 

CD 
•H 

Fh 

cd 
> 


d 

Ci 

d 

rCi 

3 

s 

cd 

9 

cd 

CD 

cd 

CD 

CD 

CD 

CD  O 

o 

9 

s 

C! 

d 

cd 

a 

cd 

cd 

cd 

H 

H 

Fh 

Fh 

Fh 

Fh 

fn 

Fh  cd 

H 

& 

cd 

Fh 

Fh 

u 

fn 

Fh 

Fh  m 

<H 

d 

Fh 

d 

d 

0 

05 

0) 

0) 

0) 

CD  CQ 

O 

rd 

t>> 

■H 

o 

o 

-p 

p 

-p 

■P 

cd 

M 

H 

t> 

p 

■p 

•H 

•H 

•H 

•H 

•H 

•H  Fh 

o 

Fh 

•H 

p 

G 

X) 

Td 

xi 

rQ 

% 

cd 

cd 

3> 

a) 

CD 

0 

CD 

O 

CD  0) 

rd 

rH 

fjq 

CO 

O 

a 

w 

pq 

Fh 

CD 

O1  P 


13 

CD 


d 

CD 
CD 

a 

Ch    -P  CD 

cn  cd  cq  H 
cd        cd  cd 


cd  CD 


H  c3 

H 


Si  S 

o  W  M 


39 


the  first  heads  emerged.    The  average  date  of  first  heading  was  about 
May  10,  whereas  the  mean  date  of  full  heading  was  May  22,  or  12  days 
later. 

Delayed  Maturity:     As  previously  discussed,  the  excessive  pre- 
cipitation,1 high  humidity,  and  cool  temperatures  continued  throughout 
May  and  most  of  June.    These  conditions,  together  with  thin  stands,  de- 
layed the  maturity  of  the  grain.    As  shown  in  Table  3>  the  date  of  ripen- 
ing in  1935  is  in-most  instances  10  to  15  days  later  than  in  1934*  Tne 
wheat  crop  really  did  not  mature  even  at  this  late  date,  but  in  most  in- 
stances ripened  because  of  rust  damage.     Harvest  of  small  grains  in  the 
Denton  area  usually  begins  in  late  May  and  is  nearly  complete  by  June 
10.     In  1535  harvest  of  the  experimental  plots  was  not  possible  until 
June. 

The  above  ecological  conditions,  which  retarded  the  heading  and 
ripening  of  the  grain,  were  also  favorable  for  the  development  of  a  stem- 
rust  epidemic.     The  early  infection  and  subsequent  long  period  of  develop- 
ment resulted  in  severe  Sariage  to  the  grain.    The  long  period  of  develop- 
ment for  rust  '.as  also  a  very  important  factor  in  the  spread  of  rust  to 
states  to  the  north. 

Effect  Of  The  1935  C.  em-Rust  Epidemic  On  V.heat  Yields 

In  Table  1  the  date  of  first  appearance  of  rust,  the  mean  infection, 
and  the  range  of  infection  at  the  end  of  the  season  for  the  years  l^JL  to 
1935  are  given.     In  years  prior  to  1935>  stem  rust  was  not  a  major  factor 
in  reducing  yields  excepting  those  of  certain  very  susceptible  varieties. 
Often  stem  rust  does  not  reach  its  maximum  until  the  crop  is  almost  ma- 
ture and  in  such  years  the  infection  may  be  fairly  high,  but  the  damage 
to  the  grain  is  relatively  small.     In  1935,  however,  the  amount  of 
initial  inoculum  apparently  was  great,  and,  as  conditions  were  very 
favorable  for  spread  from  the  time  the  first  rust  appeared,  varieties 
were  soon  highly  infected.     Furthermore,   the  late  maturity  of  the  crop 
enabled  the  rust  to  develop  and  spread,  while  the  host  plants  were  in 
a  very  susceptible  condition,  resulting  in  severe  damage  to  the  host 
plants.     Estimates  of  stem  rust  were  made  on  two  dates  in  1935«  The 
first  reading  was  made  on  May  29  about  a  week  after  wheat  had  reached 
full  head.     The  second  reading  was  made  near  maturity.     Agronomic  data 
on  rust  infection,  winter  survival,  yield  of  grain,  and  test  weight  of 
grain  are  given  in  Table  4. 

Yield  and  plumpness  of  grain  as  indicated  by  test  weight  were 
closely  associated  in  1935  witn  early  maturity  and  susceptibility  to 
stem  rust.     Extremely  susceptible  varieties,   such  as  Fulcaster,  Harvest 
nieen,  Sutton,  and  the  Mediterranean  strains,  were  highly  infected  with 
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stem  rust  by  May  2^,  or  by  the  tine  they  reached  full  head.     The  result- 
ing yield  was  very  low  and  test  weight  extremely  low.     Another  factor 
that  contributed  to  the  low  yield  and  late  maturity  of  these  strains  was 
the  lower  survival.    The  thin  stands  not  only  retarded  the  development 
of  the  wheat  plants,  but  also  contributed  to  the  low  yield.     The  t vo 
early  varieties,  Early  Blackhull  and  Quivira,  were  able  to  produce  a 
fair  yield  of  grain  because  of  their  ability  to  mature  ahead  of  the 
severe  rust  epidemic.    Kan  red  wheat  showed  some  resistance  to  stem  rust, 
at  least  in  the  early  stages  of  the  epidemic.     Turkey  Selection  CI. 
I00l6  produced  a  low  yield  in  spite  of  rather  light  stem  rust  infection 
and  high  winter  survival.     This  was  no  doubt  due  to  its  extreme 
susceptibility  to    leaf  rust. 


lone  lusion 

In  conclusion,  it  should  be  stated  that  no  one  factor  of  weather 
or  condition  of  the  crop  was  responsible  for  the  severe  rust  epidemic. 
All  the  factors  studied  contributed  their  respective  parts  and,  because 
of  the  manner  in  which  they  were  associated  resulted  in  one  of  the  most 
severe  rust  epidemics  in  history.    These  factors  also  played  their  parts 
in  the  spread  of  the  disease  to  other  wheat-growing  areas.     Had  the 
acreage  of  wheat  in  north  central  Texas  not  been  reduced  by  winter-killing, 
the  loss  would  have  been  even  more  serious. 

Under  the  existing  conditions,  which  included  thin  stands;  late 
maturity  of  the  crop  as  a  result  of  thin  stands,  excessive  precipita- 
tion, and  high  humidity;  favorable  temperatures  and  humidity  for  rust 
development;  frequent  dews;  cloudy  weather;  and  favorable  winds  to 
carry  the  rust  spores  to  other  localities  and  states;  the  rust  epidemic 
in  Texas  served  as  a  source  of  inoculum  for  an  extremely  long  period  of 
time  and  thus  contributed  to  the  epidanic  in  other  states. 


